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ELECTRIC MACHINE COMPRISING AN AXIAL SPRING ELEMENT 



Background Information 

The present invention relates to an electric machine with an axial spring element, and 
5 an axial spring element according to the generic part of the independent claims. 

An electric motor was made known in JP 2000 30 8305 A, with which a rotor is 
supported in a housing using a ball bearing. A plain washer is located on the rotor shaft 
between the ball bearing and the rotor that supports the rotor axially against the ball 
bearing. The plain washer includes an annular part, on which radially projecting, 
10 resilient parts are integrally moulded, the resilient parts bearing against the rotor core in 
a resilient manner. With a design of this type, the plain washer must be installed in a 
separate method step; this can result in problems caused by the plain washer tilting, 
due to the guidance of the plain washer on the rotor shaft. 

Advantages of the Invention 

15 The inventive electric machine and the inventive axial spring element having the 

characterizing features of the independent claims have the advantage that, due to the 
design of an outer ring that is connected with the inner ring of the spring element in a 
resilient manner, the spring element is capable of being securely fastened to a rotor 
component. As a result, the spring element can be installed together with the rotor 

20 component on the rotor shaft advantageously in one assembly step. Since the spring 
element is already fixedly connected to the rotor component when it is installed, the 
tolerance between the inner ring and the rotor shaft can be designed great enough to 
prevent the clamping ring from tilting when it is installed on the rotor shaft. In contrast to 
a spring element with radially projecting ends, the outer ring prevents the spring 

25 elements from catching on each other during shipment. 

Advantageous refinements and improvements of the features indicated in the 
independent claims are made possible by the measures listed in the subclaims. By way 
of the elastic connection of the inner ring with the outer ring, the spring element can be 
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fixedly fastened via the outer ring to a rotor component on one side, and an axial, 
resilient, annular contact surface can be provided on the other side for the bearing. 

Since the spring element is fastened to the rotor component, the inner ring can be 
designed radially very narrow, so that it bears, on the bearing side, only against the 
5 inner part of the bearing that is connected with the armature shaft. As a result, friction 
between the inner part and the outer part of the bearing is prevented via its sealing disk, 
thereby increasing the efficiency of the electric machine. 

It is particularly favorable to design the resilient segments between the inner ring and 
the outer ring to be spiral-shaped, so that the outer diameter of the spring element does 
10 not increase when an axial load is placed on it. The axial range of spring, however, is 
attained by rotating the outer ring relative to the inner ring, which reduces the amount of 
radial installation space required. 

If the diameter of the inner ring forms a clearance fit with the outer diameter of the rotor 
shaft, the axial installation and the axial backlash compensation of the spring element 
15 are simplified, since the spring element is thereby prevented from tilting on the rotor 
shaft. Radial play of this type between the armature shaft and inner ring is possible, 
since the radial guidance of the spring element is performed by the rotor component, 
not the rotor shaft. 

If the outer ring of the spring element includes a circumferential outer wall that is 
20 preferably closed around the circumference, it can be pressed into a corresponding 
recess of the rotor component, to fix the spring element in position on this rotor 
component. A circumferential radial outer wall of this type prevents the spring elements 
from catching on each other during shipment. 

The outer ring, in particular with the circumferential outer wall, also creates further 
25 possibilities for fastening the spring element to the rotor component that are favorable in 
terms of process engineering. For example, the outer ring can engage in a rear section 
or in a detent element of the rotor component. The outer ring can also be designed 
together with the rotor component as a bayonet connection, or it can be fastened 
thereto via plastic material deformation of the rotor component. A separate assembly 
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step for fastening the spring element is eliminated as a result. 

Particularly favorably, the outer ring can be fastened directly to the end face of the 
armature lamitation core, which is easily installable on the rotor shaft. The rotor shaft is 
then supported in the pole pot of an electric motor via the roller bearing. 

5 To compensate for material expansions of the electric machine, the roller bearing 
against which the axial spring element bears is designed as a floating bearing. The 
inner part of the ball bearing, e.g., that is fixed in position on the rotor shaft, is axially 
movable within certain limits relative to the outer part. By locating a floating bearing of 
this type on one end of the rotor shaft, the rotor shaft can be supported at another point 
10 in the housing using an easily-manufactured fixed bearing, without resulting in overrigid 
support of the armature shaft. 

The axial spring element according to the present invention is suitable for use to provide 
any type of support of a shaft with a non-rotatable component in a corresponding 
bearing receptacle. Since the dimensionally stable outer ring can be fixed relatively 

15 easily to the shaft components at least axially, the inner ring connected elastically 
therewith provides a bearing surface for an annular bearing component. As a result, 
particularly with a ball bearing designed as a floating bearing with a sliding fit - with 
play - of the inner part on the rotor shaft, the inner part can be braced axially, to 
minimize noise and wear. Due to the spiral-shaped, elastic connecting segments, the 

20 outer diameter of the spring element remains advantageously constant. 

Drawing 

Various exemplary embodiments of an inventive device according to the present 
invention are presented in the drawing and are described in greater detail in the 
description below. 

25 Figure 1 shows a sectional view of portion of an electric machine, 

Figure 2 shows an inventive, axial spring element according to Figure 1, and 

Figures 3 and 4 show further exemplary embodiments according to the depiction in 
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Figure 1 . 

Detailed Description of the Exemplary Embodiments 

Figure 1 shows an electric machine 10, with which a rotor 13 that includes a rotor shaft 
12 is supported in a housing part 16 designed as a pole pot 14. Housing part 16 
5 includes a bearing receptacle 18 in which a roller bearing 22 designed as a ball bearing 
20 is located. Roller bearing 22 includes an outer part 24 that bears radially against 
bearing receptacle 18. Inner part 28 is rotatable relative to outer part 24 via rolling 
elements 26, rolling elements 26 being covered with sealing disks 30. Inner part 28 
accommodates rotor shaft 12, and roller bearing 22 is designed as a floating bearing, 

10 which allows rotor shaft 12 to be displaced easily in an axial direction relative to housing 
part 16. An axial spring element 32 is located on rotor 13 to axially brace rotor shaft 12 
relative to roller bearing 22. Axial spring element 32 bears against inner part 28 of roller 
bearing 22 on one side and, on the other, it bears against a rotor component 34 located 
non-rotatably on rotor shaft 12. Rotor component 34 is designed, e.g., as an armature 

15 lamitation core 34 for accommodating electrical windings 35 and includes, on its end 
face 36, an annular recess 38 in which axial spring element 32 is fixed in position, at 
least axially. Spring element 32 includes an inner ring 40 and an outer ring 42 that are 
interconnected via spiral-shaped, axially resilient segments 44. In the exemplary 
embodiment, outer ring 42 includes a circumferential outer wall 46 that forms a radial 

20 press fit 45 with recess 38 of rotor component 34. In this case, spring element 32 is a 
stamped, bent part made of spring steel and includes crimping 50 or beading 50 in the 
region of circumferential wall 46 to serve as a reinforcement 48. Spring element 32 has 
an inner diameter 52 of inner ring 40 that is greater than diameter 54 of rotor shaft 12. 
An axial contact surface 56 against which roller bearing 22 rests is also formed on inner 

25 ring 40. Outer diameter 58 of axial contact surface 56 is dimensioned such that contact 
surface 56 bears only against inner part 40 of roller bearing 22. Axial contact surface 56 
does not touch sealing disk 30 or outer part 24 of roller bearing 22, to prevent frictional 
losses between rotating rotor 13 and non-rotatable outer part 24. 

To assemble electrical machine 10, axial spring element 32 is fixed in position at least 
30 axially on pre-installed rotor 13. For example, outer ring 42 is pressed into recess 38 of 
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rotor component 34, which is non-rotatably connected with rotor shaft 12. As a result, 
spring element 32 is fixed securely in position on rotor 13, even when diameter 52 of 
inner ring 40 is greater than outer diameter 54 of rotor shaft 12; this allows rotor 13 to 
also be inserted overhead - via "blind assembly" - into roller bearing 22, which was 
5 previously installed in housing part 16. The axial preload of spring element can be 
adjusted via axial installation force 59. When thermal expansion occurs during 
operation, armature 13 is displaceable relative to housing part 16 while an axial 
clamping force is retained, without spring element 32 tilting on rotor shaft 13. This also 
prevents any loss of force due to friction when the axial preload force is applied. 

10 Figure 2 shows axial spring element 32 in Figure 1 before it is installed in electric 
machine 10. Outer ring 42 and inner ring 40 are located concentrically with respect to 
each other, inner diameter 52 being greater than outer diameter 54 of rotor shaft 12. 
Spiral segments 44 are positioned such that, when an axial force 59 is applied, the 
change in the radial dimensions of spring element 32 (inner diameter 52, outer diameter 

15 47 of circumferential wall 46) is negligible. The axial range of spring is provided via the 
rotation of inner ring 40 relative to outer ring 42, however. In the exemplary embodiment 
shown, three spiral-shaped braces 44 are stamped out, the number and shape of which 
can vary, depending on the application. Axial contact surface 56 on inner ring 40 is 
defined by a slight axial projection 50, which simultaneously serves as a reinforcement 

20 48 for inner ring 40. Radial deformation of spring element 32 is prevented by 

reinforcement elements 48, which can be designed, e.g., as crimping 50, beading 50 or 
an axial projection 50. 

Figure 3 shows a further exemplary embodiment of an axial spring element 32, which is 
connected with rotor component 34 via a rear section 66. Rotor component 34 is 

25 designed as a laminated core. To form recess 38, a few lamina layers 62 have a larger 
annular recess 38 than uppermost lamina layer 64 on end face 36 of rotor component 
34. Rear section 66, into which elastic spring element 32 can be inserted, is formed as a 
result. As a result, spring element 32 can be fixed in position axially and radially on rotor 
component 34, in an axially self-retaining manner. In this exemplary embodiment, spring 

30 element 32 has slight radial and axial play relative to rotor component 34, although this 
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does not negatively affect the mode of operation of axial spring element 32. 

In a further exemplary embodiment according to Figure 4, detent elements 70, made of 
plastic, for example, are located on rotor component 34, into which outer ring 42 of axial 
spring element 32 is capable of being inserted in a lockable manner. A reliable axial 
5 fixation of spring element 32 on armature 13 is also created as a result, axial fixation 
enabling inner ring 40 to bear against inner part 28 of roller bearing 22 without rubbing 
on rotor shaft 12. 

It should be noted that, with regard for the exemplary embodiments presented in the 
figures and the description, many different combinations of the individual features are 

10 possible. For example, the specific design of housing part 16, roller bearing 22 or rotor 
component 34 can be varied in any manner. Likewise, the design of axial spring 
element 32 can also be adapted to the required axial preload forces and the dimensions 
of rotor component 34 and roller bearing 22. Instead of using press fit 45, rear section 
66 or detent connection 70 to axially secure spring element 32 on rotor component 34, it 

15 is also possible to use a bayonet connection, plastic material deformation or equally- 
acting connecting means. Spring element 32 and inventive electric machine 10 are 
particularly suited for driving functional elements in a motor vehicle, e.g., for adjusting 
motors of movable parts, or fan or pump motors of the type used, e.g., in an antilock 
braking system. 



